Introduction
Many people report addiction-like symptoms related to eating, including strong food cravings and loss of control over eating, that are described as barriers to weight loss [1, 2 ] . Although the concept of food addiction has been popular in the lay population for many years, it has generated significant controversy in the scientific community. However, a recent flood of research strongly suggests that addiction-like processes may underlie intake regulation difficulties in some people and contribute to obesity.
Behavioral dependence criteria
In diagnostic terms, addiction is now referred to as 'substance dependence'. The Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) [3] defines substance dependence as three or more of the following seven symptoms occurring within 1 year: tolerance, withdrawal symptoms, substance taken in larger amounts or for a longer duration than intended, attempts to cut back, excessive time spent pursuing, using, or recovering from use, reduction or discontinuation of important activities because of use, and continued use despite adverse consequences. It is noteworthy that physiological dependence (tolerance and withdrawal symptoms) is not required for a dependence diagnosis; therefore, the diagnosis of dependence can be based on behavioral criteria alone.
Based on these criteria, binge eaters and many chronic overeaters and emotional eaters would meet the criteria for substance (food) dependence. Recently, Ifland et al. [4 ] and Corwin and Grigson [5] have illustrated clear parallels between dependence criteria and frequently reported problem eating behaviors. Food-specific expressions of the substance dependence criteria (adapted from [4 ] ) might include:
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Recent findings
Support for the food addiction hypothesis comes from alterations in neurochemistry (dopamine, endogenous opioids), neuroanatomy (limbic system), and self-medication behaviors. Foods identified as having potential addictive properties include sweets, carbohydrates, fats, sweet/fat combinations, and possibly processed and/or high salt foods. Eating topography has been identified as a necessary factor in neural pathway changes that promote addiction-like properties in response to some foods. A recently developed food addiction scale shows promise in identifying food addiction. Food cravings, mood, and behavior
Although craving is not a part of the formal criteria for substance dependence, the two are clearly associated.
Cravings are also associated with binge eating [6] and notably; food craving activates the same areas of the brain involved in drug craving [7 ] . One of the most frequently reported food cravings is carbohydrate craving, which has recently undergone detailed scientific re-examination. In a recent series of studies, Corsica and Spring [8 ] and Spring et al. [9 ] investigated whether purported 'carbohydrate craving' could be verified and demonstrated in aÂ highly controlled experimental environment. In a double-blind, placebo controlled trial they found that when rendered dysphoric, carbohydrate cravers reported a greater reduction in dysphoria and food cravings following carbohydrate ingestion (versus a taste, texture, and calorie matched high protein alternative). Perhaps more importantly, participants chose to ingest the carbohydrate far more often than the taste-matched placebo, demonstrating the salience of the improvement. These findings demonstrate that for carbohydrate cravers, carbohydrates seem to have an almost medicinal value in women who crave them.
Spring et al. [9 ] extended the model to examine the addiction potential of carbohydrates in women who crave them. Examining the fit with physiological dependence criteria, they analyzed liking, sensitivity, and tolerance to carbohydrates. The authors found that liking increased over time (indicating sensitization) and reduction in dysphoria decreased significantly over time (suggesting tolerance to the mood effect). They concluded that the combination of increased liking for carbohydrates in the context of decreased mood effects paralleled other addiction processes, and strongly suggested that carbohydrates indeed have abuse potential for women who crave them.
The origins of such food cravings are unknown. In both studies, the use of a taste and calorie-matched high protein placebo ensured that the improved mood and decreased craving was not due to hedonics, palatability, or caloric ingestion, but more likely, underlying neurochemical changes that promote mood improvement and reduce food cravings. Previous research has shown that food cravings can be induced by repeatedly eating a specific substance when hungry [10] ; thus, it is also possible that carbohydrate craving is the natural sequela of repeatedly choosing high carbohydrate (perhaps vending machine-type) snacks in response to mid-afternoon hunger.
Neurochemistry in 'food addiction'
A great deal of evidence suggests a similarity in the neurochemical response to drugs and to food. Both palatable food and drugs appear to activate the same mesolimbic dopamine reward system in the brain in human and animal models [11 ,12,13] . Moreover, in humans, PET studies have shown that both obese and drugdependent individuals have significantly lower dopamine receptor levels, and further, there is an inverse relationship between D 2 receptor density and BMI [14] . This is suggestive of decreased sensitivity in the reward system in the obese. However, whether this is a cause or an effect is unknown at this time: it is possible that this is a preexisting condition that promotes overeating; however, it is similarly possible that this is a result of repeated overstimulation of this neuronal system. Stoeckel et al. [15] have provided preliminary evidence suggesting that the limbic system in obese women may be hyperresponsive to food rewards. Using functional MRI (fMRI), they investigated the activation of the reward system in response to pictures of high-calorie (e.g., pizza) and low-calorie (e.g., fish) foods in obese and normal weight women. They found that obese women exhibited significantly greater activation in a number of regions of the brain (including the amygdala, nucleus accumbens, ventral striatum, medial prefrontal cortex) in response to high calorie foods as compared with normal weight women. These areas of the brain are Frequent thinking about food, planning intake, preparing, and/or resting or sleeping after excessive intake (6) Reduction/discontinuation of important activities because of use Eating instead of spending time with friends; feeling too sick after overeating to do anything (7) Continued use despite consequences Overeating in spite of overweight, physical illness, and/or distress about overeating thought to influence the motivational effects of food cues. Hyperresponsivity of this neural mechanism may have been appropriate and adaptive when food was scarce, but in the modern environment can clearly create difficulties with intake regulation [16] .
Eating topography
As a substance that releases opioids and dopamine, sugar is thought to have addiction potential [17 ] . In studying the potential for sugar addiction in animals, Avena et al. [17 ] found that it may not be the substance in and of itself that promotes addiction, but rather the combination of the substance (in this case, sugar) with a specific eating style. This was demonstrated in a series of models in which rats were first exposed to a palatable substance, then access to it was restricted, and then the substance was provided, but on a limited basis. This restriction/exposure pattern promoted binge eating and neuronal changes suggestive of addiction (similar to those induced by drugs of abuse) indicating that certain foods are capable of promoting addiction-like behavior and neuronal change under certain conditions. Taken together, several lines of evidence now suggest that palatable food is probably not addictive in and of itself [7 ,11 ,18-20] . Instead, it is the manner in which the food is consumed (i.e., restriction plus overeating/binging) that appears to create an addiction-like process. This eating topography hypothesis provides strong evidence for combined behavioral and neurochemical components of a food addiction process in animals. It is unknown at this time whether the same model might apply to humans. However, it is worth considering that the restriction/overeating pattern demonstrated in the eating topography findings may have a human parallel in binge eating, night eating, emotional eating, and even diet cycling. Further research with human individuals is needed to elucidate the applicability of these findings to human models of food addiction.
Neuroanatomy
Pelchat [7 ] has highlighted how external stimuli, particularly environmental cues, can modulate food seeking and food intake through learning mechanisms. External food sensitivity (susceptibility to environmental cues) may serve as a predisposing factor in food cravings and food intake, as the sight, smell, or suggestion of food can serve as a potent eating trigger in those who are susceptible. Moreover, external food sensitivity is associated with overeating and greater preference for appetizing foods [21] . Recently, Passamonti et al. [22 ] used fMRI to examine the neurological correlates of external food sensitivity in normal weight humans. They found that viewing appetizing versus bland foods produced changes in connectivity among the ventral striatum, amygdala, anterior cingulate, and premotor cortex that were strongly correlated with both external food sensitivity (as measured by the Dutch Behavioral Questionnaire) and with increased hunger after exposure to appetizing images. This suggests that less efficient connectivity among relevant brain regions might represent a neuronal marker for vulnerability to develop abnormal behavior, including food craving and overeating. Although this study has not yet been done in people who are obese or who are 'addicted' to food, this is an area for future investigation. With additional supporting research, it is possible that measuring differences in the magnitude of responses may help to determine an individual's risk for disordered eating and obesity.
New hypotheses
Two new but untested conceptual models of food addiction have recently been hypothesized. The refined food addiction model [4 ] suggests that high concentrations of sugar, refined carbohydrates, fat, salt, and caffeine are addictive substances, and that foods containing these ingredients are consumed in a manner consistent with generally understood concepts of addictive behavior found in the DSM-IV-TR. Similar to drugs of abuse, the substances may not be addictive until they are extracted and concentrated by modern industrial processes, and combinations of these foods may enhance their potentially addictive power. The salted food hypothesis [23] , purports that salt acts as a mild opiate agonist that promotes overeating and weight gain via stimulation of opiate and dopamine receptors in the brain's reward and pleasure centers. In a small prospective study of individuals withdrawing from opiates, the authors observed a significant increase in fast-food intake (and a 5-7% weight gain). Unfortunately, the study design prevents the drawing of any conclusions supporting salt as the putative 'addictive' component, as a similar case could be made for increased fat or processed food intake (both of which may be found in combination with high salt in fast food). Both new hypotheses would benefit from further scientific investigation.
Assessment of food addiction
Momentum in the study of food addiction is also found in the area of assessment with the recent publication of the Yale Food Addiction Scale (YFAS) [2 ] . The 21-item selfreport measure identifies signs of addiction to foods (primarily high-fat and high-sugar), with a focus on paralleling the substance dependence criteria in the DSM-IV-TR. Preliminary data suggested that this is a valid and reliable tool for detecting eating patterns that are similar to behaviors seen in the classic areas of addiction.
The development of this scale also yielded useful data on the rate of probable food addiction as measured by the YFAS. In this primarily normal weight undergraduate sample, 11.4% met criteria for food addiction. This new measure should help to facilitate empirical research on the concept of food addiction, perhaps at the same time increasing confidence in the methodological rigor of food addiction studies.
Conclusion
So, is food addiction true or false? If we define food addiction using the same criteria as substance dependence, then recent behavioral and neurobiological evidence increasingly points to 'true'. It appears that the behavioral criteria for dependence are met by people with chronic overeating, compulsive eating, and/or binge eating. Carbohydrates have demonstrated abuse potential (sensitization and tolerance) in female carbohydrate cravers, which may be the result of learned behavior and/ or neurochemistry. Recent evidence suggests behavioral and neural pathway changes that may be induced by specific eating topography, including self-medication, restriction/binge pattern, or eating certain foods while hungry. External food sensitivity, learned behaviors, and biological predisposition all may contribute to food addiction-type symptoms.
Although it seems that a strong case for food addiction is being established, it is important to note that due to its multifactorial nature, obesity in and of itself should not be considered to constitute an addiction to food. The food addiction hypothesis supports a model of heterogeneity in obesity conceptualization, such that food addiction might best be considered a phenotype of obesity. Whether a cause (preexisting risk factor) or an effect (overstimulation) is not yet known.
Our hope is that further scientific study may serve to validate the perception of food addiction in some patients and inform psychoeducational, cognitive-behavioral, and/ or pharmacological treatment for chronic food cravings, compulsive overeating, and binge eating that may represent a phenotype of obesity. Screening for food addiction has the potential to identify people with eating difficulties that seriously compromise weight management efforts. Future research should include a focus on human food addiction research; evaluating the impact of treatment on underlying neurochemistry; and prevention or reversal of food addiction in humans.
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